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SUMMARY 

An experimental   investigation  to  determine  the effect on i n l e t  per- 
formance  of  several  boundary-layer  scoops mounted ins ide  8 ramp-type 
i n l e t  was conducted i n  t h e  Lewis 8- by  6-foot  supersonic wind tunnel  a t  
Mach numbers 1.5, 1.8, and 2.0. 

I n l e t  peak  pressure  recovery a t  Mach number 2 .0  was increased  from 
0.83 f o r  no scoop t o  0.93 f o r   t h e  largest scoop  investigated. Inlet 
peak  recovery was constant   for   scoops  larger  than those   r equ i r ed   t o  
remove the r8mg boundary layer. If bypass drags associated  with  nesr- 
ax ia l   d i scharge  of the scoop mass flow are considered,  and  any  effects 
of i n l e t   s i z e  are neglected,  increases  of 10 percent of t he   ava i l ab le  
t h r u s t  of t h e  inlet with no scoop are indicated at a Mach number of 2.0.  
For  high  drag mass f l o w  sp i l l age ,  a t  l ea s t   3 -pe rcen t   ga in   i n   ava i l ab le  
t h r u s t  may s t i l l  be rea l ized .  M a x i m u m  gains a t  Mach numbers 1.8 and 1.5 
were  of the  order  of 5 percent  of the ava i l ab le   t h rus t .  

Efficient  side-inlet   performance  generally  necessitates  removal  of 
accumulated  fuselage  boundary  layer t o   p reven t  the entrance  of  low-energy 
a i r   i n t o   t h e  inlet  and to   prevent   any harmful effects of  boundary-layer 
shock in t e rac t ion .  With increasing free-stream Mach nuDibers, i n l e t  
termine.1  shocks  have  been  observed t o   i n t e r a c t   w i t h  the boundary  layer 
on inlet  compression  surfaces,  even  though the fuselage  boundary  layer 
ahead of the inlet is removed ( r e f s .  1 t o  4.). In order  to  determine the 
effectiveness  of a scoop i n  removing this ramp boundary  layer,   an  hves- 
t i g a t i o n  was conducted in the NACA Lewis 8- by 6-foot  supersonic e n d  
tunnel on a 14O ramp-type i n l e t  s i m i l a r   t o  one on which  shock-induced 
ramp boundary-layer  separation was observed  (ref.  4 ) .  The in le t  was 
inves t iga t ed   i n  the free stream a t  zero  angle of a t t a c k   a t  Mach numbers 
1.5, 1.8, and 2.0 with a series of internal  boundary-layer-scoop  heights 
from z e r o   t o  0.266 inch (1/4 d u c t  height)  . 
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APPARATUS AND PROCEDURE 
rn 

A de ta i led   ske tch  af t-he model apd its support i s  shown i n   f i g u r e  1, 
and a photograph of t he  model in   t he - tunne l   appea r s   i n   f i gu re  2.  A rec- 
tangular 14' ramp i n l e t  of the   type   repor ted   in  reference 4 was mounted 
by means of a s u p p o r t   s t r u t  .at  zero   angle   o f   a t t i ck   in  the Lewis 8- by 
6-foot  supersonic  wind t u n n e l .  The inlet  WELS l o c a t e d   i n  the free stream 
simulat ing  the  case of  complete  removal of fuselage  boundary  layer.  The 
in t e rna l  geometry  included a boundary-layer-removal  system of the scoop Er? 
type.   Variations i n  acoop height  were accomplished  by  vertical  adjust- . +  
ments made t o  t h e  diffuser f loo r   s ec t ion .  Reeul tent  main-duct area varf- 
a t i o n s   a r e  shown i n  figure 3. It may be noted tha t  some i n t e r n a l  con- 
t r a c t i o n  exists f o r   t h i s  inlet .  plaximum scoop  height tested was approx- 
imately  one-fourth the duct  height a t -  t he  scoop l i p  (model s t a t i o n  0.75) . 
Ramp boundary-layer Zaass flow captured  by the  bleed scoop was ducted 
through the. mounting plate and  exhausted to, .an-,e_<fec.&Lve ba_s_e- pressure.  
scoop  inlet- to-exi t   area ra t io  was approximately 113 f o r  ~IL scoops 
t e e  ted . 
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Pressure instrumentation  consisted of to ta l -pressure  tubes and w a l l  
s ta t ic -pressure   o r i f ices  in the d i f fuse r  a t  model s t a t i o n  21.5. Similar 
instrumentation wa6 installed a t  s t a t i o n  2,O. f o r  a p&tion  of the test .  
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In l e t -  mass flow was varied by means of a remotely  controlled movable 
exit-plug. Main-duct discharge  mass-flow  ratio was determined  from t h L  
a v e r a g e t o t a l  pressure and the known area ratio between the diffuser- 
d i scharge   s ta t ion   and   the   ex i t  plug, which was assumed t o  be choked. 
Average total preseure w a s  ca lcu la ted  by area-weighting the to ta l -pressure  
measurements. 

Seven scoop  heights  h,  ranging  from  0.06 t o  0.25 of the  duct   height  
d w e r e  tested i n   a d d i t i o n  t o  the unmodified inlet  (h  = 0 ) .  . Main-duct 
mass-flow r a t i o  was v u i e d  at free-stream Mach numbers 1.5, 1.8, and 2.0. 
Reynolds number varied  from 4x106 t o  5X06 per .foot .  
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SYMBOLS 

The fallowing symbols are used   i n   t h i s   r epor t :  

i n l e t   cap tu re  area, 0.0244 sq f t  
.. . . . . . 

configuration  drag 

incremental  drag, % - D .. 

duct -he ight  a t  scoop l i p  (model station 0.75) ,  1.06 i n .  
L 

" 
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F internal  thrust of turbojet-engine  and  inlet  combination 

h boundary-layer-scoop  height 

%/mO main-duct mass-flow ratio, main-duct mass flow 
POV$I1 

* P  total  pressure 

v $2 velocity,  ft/sec 
ijl w P mass density 

Subscripts: 

b basic  configuration, h = 0 
n 

r;' 0 free  stream 

I3 2 diffuser-discharge  survey  station,  model  station 21.5 

RESULTS m DrscussroN 
Typical  variations of inlet-diffuser  pressure  recovery  with  main- 

duct mass-flow ratio  are  presented  in  figure 4. Cross plots  of the  vari- 
ation of inlet  peak  and  critical  pressure  recovery  with  scoop-height 
parameter  are  presented  in  figure 5. Inlet  critical  pressure  recovery 
at  the  higher  Ma.ch  numbers  reached a ntaximum,  then  decreased  before  peak 
recovery  reached  its  maximum. At  all  Mach  numbers,  critical  pressure 
recovery was improved 4 t o  5 percent;  however,  the  largest  gains  were 
noted  for  peak  recoveries  at  Mach  number 1.8, and  especially  at  Mach 
number 2.0, where  peak  recovery was increased from 0.83 for no scoop ' 

(no boundary-layer  removal) to 0.93 for  the  largest  scoop  tested  (com- 
plete  removal  of  the  ramp  boundary  layer  behind  the  inlet  terminal  shock). 
Main-duct  mass-flow  ratio was correspondingly  reduced  nearly 40 percent. 
The  existence of these  high  recoveries  at  both  Mach numbers 1.8 and 2.0 
is  not emlainable from theoretical  two-dimensional  shock-wave  considera- 
tions of a simple i 4 O  ramp-type  inlet,  but  is  possible only when  the  ef- 
fects of a second  oblique  shock  emanating f r o m  the  shockboundary-layer- 
interaction  region on the  ramp  surface  are  included  (shown  in  ref. 4 in 
a schlieren  photograph of a similar  inlet).  Calculations of the pressure 
recovery  based on this  two-oblique-  and  one-normal-shock  system  have  been 
verified  by  data  obtained  with  total-pressure  tubes  located  inside  the 
inlet  cowl. 

At  Mach  numbers 1.8 and 1.5, peak  recovery was constant  above  h/d 
of 0.18 and 0.12, respectively,  indicating  that,  for  these  scoop  heights, 
a l l  the  low-energy  boundary  layer  was  removed  and  that, for further in- 
creases  in  scoop  height,  high-energy  air  was  needlessly  discharged. 
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Since  the  scoop  height  above  which  peak  recovery w a s  constant  increaeed 
with  increasing Mach number, it appears  that-the  baundary-layer  thickness,  
o r  separation  thickness,   increased  with Mqch number i n  accordance  with 
the  increasing  pressure rise across   the  inlet   terminal   shock.  

The range o f in l e t  s t a b i l i t y  a.t"ach number 2.0 ( f ig .   4 (c) )   decreased ,  
with  increasing  boundary-layer-scoop-height  parameter h/d from 0 t o  
0.18, then  increased  with  further  Increases i n  scoop h e i g h e N o  im- Is) 

provement was noted   in   the  maximum range of s t a b i l i t y  a t  e i t h e r  Mach 
number 2 . 0  or 1.8. It is  c l ea r ,  however, t h a t  a variable  scoop  could 
be employed i n  a manner .similar t o  a bypass to   maintain diffuser s t a b i l i t y  
t o  lower  diffuser-discharge mass flows. 

In 
d 
M 

The ga ins   i n  inlet pressure  recovery are i n  part o f f s e t  by drag 
increases  associated  with  the  boundary-layer  removal.  Therefore, esti- 
mates were made t o  determine  the  net  effect on t h e  available t h r u s t .  
Thrus t   ra t ios  were obtained  for  a typical turbojet   engine.  By-pass drag 
coe f f i c i en t s   r epor t ed  i n  reference 5 were assigned t o  t h e   s u p e r c r i t i c a l  
bleed mass f lows   on . the   bas i s  of two i n l e t s ,  w h i l e  add i t ive  drag values 
from the  two-engine  configuration  of  reference 4 were assigned t o  sub- 
c r i t i c a l  mass-flow sp i l l age .  Each configuration was invest igated  over  
t he  mass-flow  range,  and  the r a t i o  of maximum t h r u s t  minus incremental 
drag (F - Da) t o   t o t a l   t h r u s t  Fb of the  unmodified inlet (h  = 0) i s  

4 
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presented   in   f igure  6 as a function of  h/d ( s o l i d   l i n e s ) .  Inlet 
matching a t  each  scoop  height   requires   inlet  s i z i n g  in   p ropor t ion   t o   t he  
mass f low b l e a  and s p i l l e d  a t  the   des i red  match  point,  and  resulting 
changes i n  configuration  drag were  assumed i n   t h e   c a l c u l a t i o n  of t h e  
dashed l i nes   o f   f i gu re  6. " . "  . .. 

The e f f e c t  of inlet sizing,  appreciable here, would be  expected  to 
decrease  for  configurations on which t h e  inlets could  be  modified  with- 
ou t   a f f ec t ing  the proJected f r o n t a l  area. If t h e   e f f e c t  of inlet s i z i n g  
is neglected  and bypass drags associated with  near-axial   discharge are 
considered,  an  increase of IO percent af the ava i l ab le   t h rus t  of t he  
unmodified  configuration (h = 0)  is indica ted  .at Mach number 2.0, while 
gains of 5 perceb t   a r e  shown f o r  the lower Mach numbers. Calculations 
of drag assuming complete lo s s  of t h e  free-stream momentum of t h e  mass 
flow  bypassed  through  the  boundary-layer  scaap  indicate that increases 
of  3 pe rcen t   i n  available t h r u s t  a t  Mach number 2.0 can s t i l l  be r ea l i zed .  

It appears  from  figure 6 t h a t  a n  h/d near 0 . 2 1  would be optimum 
over  the Mach number range  invest igated.  Although maxFmum F - Da 
occurs a t  s l igh t ly   d i f fe ren t   scoop  he ights  f o r  t h e  lower Mach numbers, 
l i t t l e  would be gained  by making the scoop  height  adjustable.  
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SUMMARY OF RESULTS 

~n experimental   invest igat ion t o  determine the e f f e c t s  on inlet 
performance  of a series of  boundary-layer  scoops mounted ins ide  a remp- 
type i n l e t  was conducted i n  the Lewis 8- by  6-foot  supersonic wind tunnel 
a t  Mach numbers from 1.5 to 2.0. The fo l lowing   resu l t s  were obtained: 

1. If bypass drags associated w i t h  q e a r - a x i a l   a s c h a r g e  of the  scoop 
mass flow are considered,  and  any effects of inlet s ize   a re   neglec ted ,  
increases  of 10 percent of the available thrust o f   t h e   i n l e t  w i t h  no 
scoop are indica ted  a t  Mach nuniber 2.0. For  high-drag mass-flow sp i l lage ,  
a t  least 3-percent  gain in ava i l ab le   t h rus t  may-be rea l ized .  Maximum 
gains a t  ELsch numbers 1.8 and 1.5 are of t h e  order  of 5 percent of t h e  
available t h r u s t  of the-  unmodified-configurations. 

2. Inletepeak  pressure  recovery a t  Mach number 2.0 increased  from 
0.83 f o r  no boundary-layer  removal t o  0.93 f o r  complete  removal of the 
ramp boundary layer behind  the inlet terminal shock. 

3. I n l e t  peak  recovery was constant  for  scoop  heights  above that 
r e q u i r e d   t o  remove all the boundary layer. 
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